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Abstract: Background:

Lightning initiation from airmass thunderstorms is a major forecast * 45 WS forecasters issue 2,500+ lightning advisories per year

challenge faced by Air Force's 45th Weather Squadron (45 WS), which « Lightning is a leading cause of launch scrubs/delays
provides weather support to Cape Canaveral Air Force Station and

Kennedy Space Center (KSC). Prior studies by Thurmond (2014) and * Impact 5,000+ ground ops per year and 25,000+ personnel

Woodard (2011) have shown that dual-polarization (DP) radar can be * Lightning forecasts are difficult in FL due to numerous weak boundary interactions

used to identify the presence of hydrometeors indicative of cloud . . . o
charging, leading to improved lightning initiation forecasts. This 45 WS « Current lightning forecast techniques employed by 45 WS do not utilize DP radar

currently uses empirical lightning initiation forecast rules which state  DP shown to improve lightning onset forecasts (Thurmond, 2014 and Woodard, 2011)
that in-cloud lightning is likely within 10 to 20 minutes after radar

reflectivity exceeds 37 dBZ above the -10°C level. Rules also exist for
cloud-to-ground, anvil, and debris cloud lightning. This study
examined 200+ lightning-producing and non-lightning convective cells
from March 2012 to March 2014 in order to expand the existing
empirical forecast principles to incorporate DP parameters. In-cloud
and cloud-to-ground lightning flash data were obtained from the KSC
Four Dimensional Lightning Surveillance System (4DLSS), and DP radar
data were obtained from the Melbourne, Florida WSR-88D. Lightning
Initiation forecast lead times, probability of detection, and false alarm
rates were compared between a number of candidate DP-based
forecast techniques and the current techniques employed by 45 WS.

Left: WSR-88Ds across the US upgraded to
DP capability in 2012. EM pulses now have
both a horizontal and vertical polarization.
This provides more information on the size
and shape of hydrometeors within a
volume scan. DP can identify mixed phase
hydrometeors that indicate charging
regions within developing storms.

forming along the intersection of a sea
breeze and remnant outflow boundary.
Weak boundary interactions like this one

Site:  KMLB

VST: 06/05/2012 17:47:58 Z
Prod: 06/05/2012 17:50:38 Z
VeP: 11 SMV: -
Tit:  6.205°

Methodology:

* Collected database of 284 days with discrete convective cells

* Cells from a two-year period between Mar 2012 to Mar 2014

* Lightning data obtained from 4DLSS archive at KSC

 4DLSS contains aloft (LDAR) and cloud-to-ground (CGLSS) data
 Used MATLAB to sort through 4DLSS data (45,000+ text files)
 Radar archive obtained for KMLB WSR-88D from NCDC

» Created training dataset to determine thresholds to test
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Thresholds Lead Time Lead Time Forecast metrics were calculated for each

* Training dataset cells analyzed starting 50 mins before lightning initiation | z7apz/70m Wiaih 0,770 0,055 0711 07:53  05:18 0.631 | threshold (not all tested are shown). OUI is
the Operational Utility Index, developed by

« Non-lightning cells analyzed 50 mins before maximum height achieved J7dB2 0.849 0.101 0.775  11:42  00:28 0.702 | 5\ “The baseline thresholds are in bold
35dBZ 0918 0.163 0.779 12:09 07:29 0.704 d ital The best method is bolded
.. i ! o T e 11-20 06-19 0.730 and italics. The best method is bolded.
* Training results separated by thermal level and time bin, then analyzed 36.5dBZ 0.918 0.118 0817 113 L 73
_ _ _ 30dBZ/.31Zpg 0.904 0.143  0.786 12:09 07:34 0.710 Loyver Left Tab_le: '!'hresholds tested at -5°C
 Performed t-tests, analyzed scatter plots, ran signal detection techniques | 36.5dBz/.31Zpz 0.800 0.058 0.844 11:45  06:36  0.750 | using the validation dataset. The best
. - e L . e a1 — o0 —_— method is bolded.
i . : i . 35dBZ/.31Zpg or 41dBZ 0.890  0.122  0.793 12:16 07:38 0.718
« Established 18 forecast algorithms to test against 2 baseline algorithms 35dBZ/Any K pp 0.795  0.065 0.753  09:53 05:28  0.675
- - - - - 36.5dBZ/Any Kpp 0.775  0.083 0.724 09:56 05:18 0.657
* AlgOrltth deSIQnEd fOr max deteCtlon & Iead times Wlth ow false alarmS 35dBZ/.31Zpr/AnyKpp  0.795  0.049  0.763 09:53 05:28 0.682
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52: ) ﬁzz ,--h_..-—’"‘: Eﬂ,_ ﬁzﬂ_ o 40.5dBZ/.81Zpg or 46.5dBZ  0.890 0.177 0.747 12:46 10:27 0.685 Above: GR2Analvst " howi
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s s L s 40.5dBZ/Any K 0.918 0.202 0.744 13:11 10:28 0.683 - - ' :
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" Minutes Before Lightning ~~ Minutes Before Max Cell Height " Minutes Before Lightning ~ Minutes Before Max Cell Height 42dBZ/Any Kpp 0.890 0.188 0.730  12:28 08:41  0.675 | ZDRto be avaluable threshold.
40.5dBZ/.81Zpr/AnyKpp 0.890 0.167 0.756  12:29 09:31  0.690
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Above: Scatterplots at every thermal Above: Unlike ZDR, KDP values are Above: Signal detection examining a .
level were used to identify DP and unavailable for many cells unless reflectivity threshold set at 30.5 dBZ. ACknOWIed ment'
reflectivity combination thresholds. reflectivity is above 30 dBZ. Hashed red area identifies false alarms.

Mr. Willlam Roeder, of 45 WS, provided great knowledge and passion to
"The views expressed in this document are those of the author(s) and do not reflect the official policy or position of the United States Air thlS proj ect and a Very |nS|ghth| tour Of 45 WS faC”itieS.

Force, the Department of Defense, or the United States government."




